INTRODUCTION
============

M[olybdenum]{.smallcaps} (Mo) was discovered by Swedish chemist Peter Jacob Hjelm in 1781, and its radioactive isotopes are made using light-particle reactions, fusion-evaporation reactions, neutron- and charged particle-induced fission, and projectile fragmentation or fission ([@R1]; [@R8]). Mo is used to generate other radioactive isotopes that are medically important. Typically generated radioactive isotopes include technetium (Tc) in the isotopes of ^99m^Tc, ^99m^Tc (m + g), and ^94m^Tc, with ^99m^Tc being one of the most important. The letter "m" means that the isotope is metastable, indicating the short half-life of this isotope (e.g., ^99m^Tc has a half-life of approximately 6 h) ([@R8]). The short half-life prevents the isotope from being stored for a long period of time; therefore, continued production is necessary. Any difficulties in the supply due to the limited number of facilities would result in an unplanned interruption of patient care.

Some research has been conducted on the production of ^99m^Tc without the use of ^99^Mo ([@R9]). These processes use uranium, and the amount of radioactive waste produced is greatly reduced ([@R4]; [@R7]). However, because this technique is under development, it is unlikely to occupy a significant share of the market in the short or medium term. The advantages of ^99m^Tc are the short biological and physical half-life that enables very fast clearance from the patient's body and the emission of a single gamma that is not accompanied by any beta emissions. These properties allow a precise alignment of the imaging detectors ([@R10]).

Today, ^99m^Tc is considered one of the most required medical isotopes; 30 million patients per year use it worldwide. The approximate worldwide demand for Mo used to produce ^99m^Tc is approximately 450 TBq weekly ([@R3]). Technetium-99 m (^99m^Tc) is vital for certain diagnostic tests for cancers and heart diseases; it is used in greater than 80% of nuclear medicine's diagnostic procedures across the world ([@R10]). Examples of the types of diagnoses for which ^99m^T~c~ is used include the diagnoses of metabolic bone disease ([@R6]), renal tubular acidosis ([@R5]), and methoxy isobutyl isonitrile (MIBI) imaging in patients with malignant tumors ([@R2]).

The Ministry of Health (MOH) in the state of Kuwait currently imports this radioisotope (i.e., Mo) to fulfill its demands and faces the risk of the shortage or even the stoppage of supply due to different scenarios; i.e., the sources are shut down or an accident occurs with the cargo transferring the supply. The Kuwait Institute for Scientific Research (KISR) is currently supporting its national commitment to the International Atomic Energy Agency (IAEA) through a Technical Cooperation (TC) project with the IAEA titled "Supporting the Establishment of a Nuclear Research Center," IAEA-TC (KUW/1/006). As part of these collaborative efforts, it would be practical to assess the possibility of producing ^99^Mo via different methods using a neutron-generating facility (NGF) and determining the best route of production that can meet the MOH's demands in Kuwait by considering future demands. The current research assists decision makers in Kuwait's MOH in predicting the future demands for ^99m^Tc by collecting and analyzing the consumption data of ^99m^Tc for different diagnostic applications from the MOH's nuclear departments.

METHODS
=======

Current and future change in ^99m^Tc demands is evaluated by collecting ^99m^Tc consumption data from all nuclear medicine departments in Kuwait from 2012 to 2014; forecasting missing data using various methods, such as moving average and a linear trendline for backwards, mid-point, and forward data; and forecasting Kuwait's future total ^99m^Tc consumption using a logarithmic trendline with a seasonal index.

The average percentage of error for the forecast data is calculated to determine the level of acceptance of the predicted results.

RESULTS
=======

Data collection
---------------

The data were collected from 2012 to 2014 from nine MOH nuclear medicine departments: Al-Amiri Hospital, Ibn Sina Hospital, Kuwait Cancer Control Center (KCCC), Al-Farwaniya Hospital, Mubarak Al-Kabeer Hospital, Yiaco Medical Company, Al-Jahra Hospital, Jaber Al-Ahmad Hospital, and Chest Diseases Hospital. The consumption dosages from Al-Amiri Hospital and Mubarak Al-Kabeer Hospital were provided as the total ^99m^Tc consumption of different imaging tests per day only. The imaging tests performed at these departments include tin colloid, thyroid, MIBI, methylene-diphosphonate (MDP), microaggregated albulin (MAA), testicular, dimercaptosuccinic acid (DMSA), MYO view, hepatobiliary iminodiacetic acid (HIDA), mercaptoacetyltriglycine (MAG--3), HMPO, LEUKOSCAN, and diethylenetriamine-pentaacetic acid (DTPA). In addition to the two previous nuclear medicine departments, all data provided from the MOH were in terms of the daily and weekly consumption dosage of ^99m^Tc.

Missing data prediction
-----------------------

The collected data from Al-Amiri Hospital contained many missing values for the year 2012; therefore, the year 2012 dosage was instead predicted using a linear backward trendline for all four quarters of the year. The data of the first quarter of 2013 for Ibn Sina Hospital exhibited an outlier; therefore, an average of the weekly consumption dose of the first quarter was used instead. For the same hospital, data from the fourth quarter were missing at the time the project was executed. Thus, these data were forecast using the moving average method with two periods. The dosage for the fourth quarter of 2014 for KCCC was not available at the time of data collection; therefore, this information was predicted using the moving average method with four periods. The dosage for the last two months from the fourth quarter of 2014 for Al-Farwaniya Hospital was not available; therefore, this information was predicted using an exponential trendline with a seasonal index. The dosage for the last month of 2014 was not available for the Mubarak Al-Kabeer Hospital; therefore, these data were forecast using the moving average method with two periods.

Due to unavailable data, the data for the third and fourth quarters of 2014 were forecast for the Yiaco Medical Company using a linear trendline with a seasonal index with a 10% safety factor to reduce the error. Al-Jahra Hospital had missing data for January and June 2014; these values were assumed to be the average of the summation of the previous and following months. The missing data for February and November 2013 were predicted using the moving average method with two periods. The data for the fourth quarter of 2014 were not available at the time, so they were forecast using the moving average method with four periods. The Jaber Al-Ahmad Hospital data for the first two quarters of 2012 were predicted using a backward linear trendline with a seasonal index to fill in the missing values. For the last two quarters of 2014, a linear trendline with a seasonal index was used to provide the missing values. Finally, year 2014 data for the Chest Diseases Hospital were forecast using a logarithmic trendline with a seasonal index because they were not available at the time. Table [1](#T1){ref-type="table"} presents Kuwait's overall ^99m^Tc consumption for the period from 2012 to 2014 based on the information mentioned previously and the data gathered from all stated nuclear medicine departments. The values represented in bold are the predicted values, and the remaining values represent the real data collected from MOH.

###### 

Kuwait's nuclear departments' total ^99m^Tc consumption.
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Future demands
--------------

To further evaluate the consumption of ^99m^Tc in Kuwait and predict future changes in consumption, the data obtained in Table [1](#T1){ref-type="table"} were plotted and then forecast logarithmically with a seasonal index (Fig. [1](#F1){ref-type="fig"}). The average percentage of error for the forecast data is 2.4%, providing a good indication that the result obtained is acceptable.

![Kuwait's actual and forecast ^99m^Tc consumption from 2012 to 2018.](hp-110-387-g002){#F1}

It can be inferred from Fig. [1](#F1){ref-type="fig"} that the consumption rate is decreasing slightly every year. Because ^99m^Tc is used for patients, a 5% safety percentage was added to the forecast values to prevent a shortage of ^99m^Tc in the MOH. Table [2](#T2){ref-type="table"} presents the future predicted doses that are recommended for use by the MOH.

###### 

Kuwait's total predicted ^99m^Tc consumption from 2015 to 2018.

![](hp-110-387-g003)

DISCUSSION
==========

The MOH in Kuwait has recently enforced the recording of all dosages of ^99m^T~c~ used at its nuclear medicine departments. Because this practice is new, data are available only from the year 2012 and beyond in the form of handwritten documents, which has led in some cases to missing data and lost documents. Thus, to conduct this study, the missing data had to be predicted using different forecasting methods. Although the overall result showed an error of only 2.4%, more data are required to obtain more realistic and reliable results. The overall result indicates that there will be a partial decrease of 1.012% in the overall total demand for ^99m^Tc from 2015 to 2018. This result therefore indicates that the consumption rate in Kuwait is roughly constant or that the assumed values for the missing data and the high consumption rate in 2012 affected the results.

CONCLUSION
==========

The radioactive isotope ^99m^Tc is a radioactive isotope produced from the decay of ^99^Mo, with a short half-life of 6 h. As such, it is useful for medical imaging for the diagnoses of various ailments. Its emission can be detected by imaging equipment used by hospitals to produce clear and accurate images of defects within a human body. It is used in more than 80% of nuclear medicine's diagnostic procedures across the world, as it is vital for diagnostic tests for several cancers and heart diseases.

The Ministry of Health in the state of Kuwait currently depends on importing ^99^Mo to meet its needs. As such, it is important to evaluate Kuwait's current and future demands for ^99m^Tc. This is done by gathering the consumption data of ^99m^Tc from all nuclear medicine departments in Kuwait, predicting missing data using different statistical approaches, and predicting the future total consumption of ^99m^Tc.

The predicted total ^99m^Tc consumption in Kuwait has shown a reduction of 1.012% for the upcoming years with an average error of only 2.4%. This can be due to many reasons, mainly missing data, high consumption during the 2012 period, and human error. The suggested future consumption had a 5% increase on the forecast data. This is to ensure the availability of ^99m^Tc at all times.
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